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The metabolic hormone leptin influences feeding and metabolism through action on a distributed brain
network. In this issue, Leinninger et al. (2009) describe a novel lateral hypothalamic neuronal population
that is responsive to leptin and interfaces with dopamine circuits.Metabolic hormones such as leptin influ-
ence the brain through action on well-
studiedventromedial hypothalamicnuclei.
While studies have described the role of
other brain regions, including the brain
stem and the dopamine neurons of the
midbrain (Fulton et al., 2006; Grill et al.,
2002; Hommel et al., 2006), there remain
additional brain regions that express the
leptin receptor (LepRb) and likely mediate
leptin’s biologic effects. Using a diverse
set of experimental approaches, Lein-
ninger et al. characterize a novel leptin-
responsive neuronal population in the lat-
eral hypothalamic area (LHA) that clearly
should be integrated into models of leptin
action.
The LHA has long been a focus of both
metabolic andbehavioral research. Lesion
experiments performed over 50 years ago
led to the ‘‘two-center’’ hypothesis where
the LHA mediates and the medial hypo-
thalamus inhibits feeding (Stellar, 1954).
The LHA received additional attention
when Olds and Milner discovered that
animals will robustly self-administer elec-
trical current (brain stimulation reward)
when the electrodes are placed within the
region (Olds andMilner, 1954). It is notable
that leptin can influence brain stimulation
reward, usually reducing the animals’
sensitivity to stimulation (Fulton et al.,
2000). However, until recently, fewmolec-
ular studies have been conducted in the
LHA, and little is known about metabolic
factors and their influence on the region.
The discovery of orexin (OX)/hypocretin
and melanin-concentrating hormone
(MCH) neuropeptide expressing neurons
sparked renewed interest in the LHA’s
role in sleep, drug addiction, and food
intake. It has not been clear how these
or other LHA neurons are influenced by
metabolic hormones. Leinninger et al.enter the story by using transgenic LepRb
reporter lines to determine that LHA
LepRb neurons express the neurotrans-
mitter GABA, but do not express OX or
MCH. Recordings in brain slices reveal
that LepRb-expressing LHA neurons
show a complex pattern of responses to
leptin: some are depolarized, others
hyperpolarized, and many (50%) show
no change in membrane potential.
Infusions of leptin to the region lead to
reduced food intake and body weight
over 24 hr, suggesting that the region
can mediate anorectic effects. Elegant
tracing studies with complementary ge-
netic and retrograde mapping tech-
niques demonstrate that the LHA LepRb
neurons project to a number of regions,
including the ventral tegmental area
(VTA). Finally, it is shown that LHA leptin
infusions in animals missing the leptin
gene (Lepob/ob) result in increased mRNA
encoding the dopamine synthesis enzyme
tyrosine hydroxylase (Th) as well as
increased dopamine content in a target
region of VTA dopamine neurons (nucleus
accumbens).
This technically broad and impressive
workmakes anumber of key contributions
that advance our understanding of how
the brain responds to leptin. First, it
provides the strongest evidence to date
that leptin candirectly affect LHAneurons.
Second, it presents the properties of the
LepRb-expressingLHAneuronsanddem-
onstrates that they are a new neuronal
class in the region. Third, it provides
evidence that the region can, in response
to exogenous leptin, influence food intake.
Finally, it begins to explore the VTA as one
of the potential output regions mediating
leptin’s effects in the LHA.
The detailed cellular analysis in the
manuscript is commendable and demon-Cell Metabolismstrates the complexity of the neuronal
response to leptin in the LHA. Notably,
the neurons that project to the VTA are
not activated by leptin and must be either
unresponsive or inhibited by leptin. Where
do the leptin-activated LHA neurons,
which represent 34%–42% of the LepRb
population, project to if not the VTA?
The authors demonstrate LHA LepRb
neuronal projections to other regions,
such as the serotonergic dorsal raphe,
which also could readily block feeding via
activation of anorectic serotonin neurons.
Crosstalk between the LHA neurons is
also likely, as the authors note extensive
intra-LHA projections of LepRb-express-
ing neurons.
The current work adds to our under-
standing of how the LHA may influence
the mesolimbic system and other brain
nuclei. As in Fulton et al., 2006, the
present work shows that leptin can act
to promote dopamine production in lep-
tin-deficient animals, and experiments
are conducted to show that these effects
are due to LHA and not VTA leptin action.
These connections are intriguing since, as
the authors note, dopamine is usually
seen as a factor that promotes feeding.
While there are exceptions (e.g., anorec-
tic effects of amphetamine), most data
suggest that dopamine promotes food
motivation/intake,with disagreement about
the neural substrates and behavioral
mechanisms (Palmiter, 2007; Salamone
et al., 2005; Wise, 2006). The studies
here add a new element to how leptin
might influence the dopamine circuits,
although it is not clear if these changes
in Th mRNA and dopamine are required
for the behavioral changes observed or
even if they occur in wild-type animals.
Evaluating behavioral and dopamine
changes that result from blocking LHA10, August 6, 2009 ª2009 Elsevier Inc. 77
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PreviewsLepRb function is needed to demonstrate
that the region is critical for the effects of
endogenous leptin on food intake. None-
theless, the LHA LepRb neurons are
clearly positioned to influence the VTA
dopamine centers. The LHA receives
extensive projections from the shell of
the nucleus accumbens (Kelley et al.,
2005), and like OX neurons, these new
LepRb-expressing neurons may be influ-
enced by GABAergic nucleus accumbens
projections forming a parallel LHA-VTA-
nucleus accumbens-LHA circuit.
A challenge that remains is under-
standing what this distributed response
to leptin means. Presumably, it allows
for effective and tightly regulated behav-
ioral responses to changes in metabolic
state. However, even in the hypothal-
amus, we have yet to determine how the
neuronal response to leptin changes in
the satiated versus restricted state, for
example. Ultimately, analysis of brain-
region neuronal activity during feeding is
needed to generate a more complete
picture of what happens and how meta-Walk the (Germ) L
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Germ cells possess the unique ab
a recent paper, Curran et al. (200
enhanced genomic stability, can be
Germ cells are highly specialized cells
that form gametes and the only cells
within an organism that contribute genes
to offspring. Since the genetic information
contained within germ cells is passed
from generation to generation, the germ-
line is often referred to as immortal. Germ-
line stem cells (GSCs) are responsible for
the continual production of germ cells
and mature gametes throughout life;
however, GSCs are lost in older animals,
and those GSCs that do remain display
decreases or arrest in cell cycle progres-
sion, potential hallmarks of germline aging
78 Cell Metabolism 10, August 6, 2009 ª200bolic hormones influence the component
neural circuits.
Practical experimental issues compel
us to consider and study brain regions
as independent units. This is a conundrum
of the modern neuroscience research
effort: we spend great time and effort to
develop mouse lines and viral vectors to
manipulate genes in specific regions in
an effort to understand an integrated
system. In this context, it is important to
note that single-region manipulations
(e.g., arcuate nucleus, LHA, or VTA) may
or may not reflect what happens in the
normal state. However, the hope is that
we understand the complete system once
we have defined the parts and determined
how they respond to metabolic signals.
This innovative work from Myers and
colleagues has identified and character-
ized a set of interesting neurons in a key
brain center. Their emphasis on defining
downstream neural circuits also orients
us toward the next challenge: how the
brain integrates and interprets metabolic
signals to result in behavioral responses.ine
Biological Studies, La Jolla, CA 92037, USA
ility to transmit genetic information
9) explore the possibility that some
acquired by the soma as a mechanis
(Cheng et al., 2008; reviewed in Jones,
2007). Remarkably, however, serial trans-
plantation experiments, designed to
assay the ability ofmurine spermatogonial
stem cells (SSCs) to repeatedly reconsti-
tute spermatogenesis in recipient mice
devoid of endogenous germ cells,
demonstrated that mammalian SSCs
harbor tremendous regenerative poten-
tial. SSCs continued to self-renew and
generate colonies of germ cells upwards
of 1000 days, well beyond the life span
of wild-type laboratory strains of mice
(Ryu et al., 2006). Recent data have re-
9 Elsevier Inc.REFERENCES
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features of germ cells, including
m to increase longevity.
vealed strategies that germ cells utilize
to protect the genetic information con-
tained within them (Das et al., 2008; Ma-
lone et al., 2009; Robert et al., 2005; re-
viewed in O’Donnell and Boeke, 2007),
but are these mechanisms sufficient to
insure vigilant protection of the germline
indefinitely, and can germline-protection
mechanisms be exploited by the soma
to enhance longevity?
A recent study provides insight into
these questions (Curran et al., 2009).
Noting that RNAi in Caenorhabditis
elegans (C. elegans) is deployed as a
